Formoterol is a catecholamine analogue possessing highly potent, long-lasting b 2 -adreoceptor agonist effects.
Effects of Ethylcellulose and 2-Octyldodecanol Additives on Skin Permeation and Irritation with Ethylene-Vinyl Acetate Copolymer Matrix Patches Containing Formoterol Fumarate
Ikuhiro KAKUBARI,* ,a Hiroyuki SASAKI, a Toshiyuki TAKAYASU, a Hitoshi YAMAUCHI, vals, 0.3 ml samples were taken from the receiver solution and replaced by the same volume of fresh saline to maintain a constant volume. Collected samples were made alkaline by the addition of 1.0 ml of 0.5 M phosphate buffer (pH 9.0) and extracted with 3.0 ml of ethyl acetate. After vigorous shaking for 10 min, the organic layer was separated by centrifugation at 3000 rpm for 10 min, and 2.5 ml of the organic layer was transferred to a centrifuge tube, and evaporated in a nitrogen stream at 40°C. The residue was redissolved in 0.3 ml of 0.1 M of phosphate buffer (pH 3.5), and the concentration of formoterol was determined by HPLC using an electrochemical detector . This assay achieved a sensitivity limit of detection of 1 ng/ml.
Determination of FF by HPLC with Electrochemical Detection
The HPLC system consisted of a Model AS-950 autosampler, a Model PU-980 pump (JASCO Co., Tokyo, Japan) and an ECD-100 glassy carbon electrochemical detector (Eicom Co., Kyoto, Japan). The detector potential was set at ϩ650 mV versus an Ag/AgCl reference electrode. The analytical column was a Nucleosil 100-5C18 (4.0ϫ150 mm I.D.) (GL Sciences Inc., Tokyo, Japan) and the mobile phase consisted of 0.1 M phosphate buffer (pH 3.5)/acetonitrile (80 : 20 v/v) containing 0.5 mg of Na 2 EDTA. The flow rate was set at 0.6 ml/min for all separations.
In Vitro Human Skin Permeation Study In vitro skin permeation studies using 6-well plates were conducted according to Sandt et al. 9) Human skin was obtained from two female Caucasian donors, aged 35 and 46 years, directly after abdominal surgery. After isolation, the epidermal membranes were carefully transferred into 6-well plates on a Netwell insert (polyester 200 mm mesh, 24 mm diameter, Costar) which allows contact of receiver solution with the basal membrane of epidermis, while the stratum corneum remains exposed to the air. The receiver solution consisted of saline (0.9% NaCl w/v) containing 0.01% sodium azide, and 0.3% bovine serum albumin. Wells were filled with 1.2 ml receiver solution and 6-well plates were placed in a humidified incubator gassed with 5% CO 2 and 40% O 2 at 32°C. To obtain homogeneous distribution of the receiver solution the 6-well plates were rocked on a platform ca. 9 times per minute. Test patches of 13 mm diameter were carefully applied to the epidermal membranes. Good contact between the patch and the epidermal membrane was ensured by placing a small metal object with a diameter of 12 mm and a weight of 5 g on top of the applied patch. At appropriate intervals, 0.6 ml samples were taken from the receiver solution and replaced by the same volume of fresh receiver solution to maintain a constant volume.
Then 0.1 ml of sample, with 50 ml of an aqueous solution containing 0.5 ng of internal standard (bromo-formoterol) and 1.0 ml of 0.8 M phosphate buffer (pH 9.5) were extracted with 3.0 ml of tert-butylmethyl ether. After vigorous shaking for 15 min, the organic layer was separated by centrifugation at 3000 rpm for 10 min, transferred to a centrifuge tube, evaporated in a nitrogen stream at 45°C and redissolved in 200 ml of methanol/50 mmol ammonium carbonate (1 : 1 v/v). The concentration of formoterol was determined using the LC/MS/MS method. This assay achieved a sensitivity limit of detection of 0.1 ng/ml. All experiments were performed in accordance with the ethical standards issued by the ethical committee of Saitama Daiichi Pharmaceutical Co., Ltd.
Determination of FF Using LC/MS/MS The HPLC system was an 2690 Alliance (Waters) with a CAPCELL PAK C18 UG120 (2.0ϫ150 mm, Shiseido) column. The mobile phase consisted of a mixture of methanol/50 mmol/l ammonium hydrogen carbonate (1 : 1 v/v) with a flow rate of 0.2 ml/min. The column oven temperature was maintained at 40°C and the injection volume was 20 ml.
Mass spectrometric detection was performed on a TSQ7000 (Finnigan MAT) operating in the positive ion electrospray ionization mode. The mass was operated at 4.5 kV spray voltage with an arbitrary value for the sheath gas flowrate (nitrogen) at a fixed 70 p.s.i. and an auxiliary gas flowrate fixed at 20 units. The heated capillary temperature was set at 250°C.
Skin Irritation Tests Male rabbits (Japan white; 3.67-4.39 kg), guinea pigs (Hartley strain; 340-392 g), rats (Wistar strain; 160-206 g) and miniature swine (Gettingen strain; 30 kg) were used for primary skin irritation testing. One day before the experiment, back skin hair of rabbits and miniature swine and abdominal skin hair of guinea pigs and rats was clipped with an electric clipper, and thereafter shaved with an electric razor. Abraded areas were prepared by making four minor epidermal incisions with a hypodermic needle, two incisions perpendicular to the other two. The abrasions were sufficiently deep to penetrate the epidermis, but not to induce bleeding. Patches (2.5 cmϫ2.5 cm) were applied to the experimental groups and seemed with porous stretching bandages and then were removed after 24 h application. Approximately, 30 min, 24 and 48 h thereafter, the sites were observed visually and evaluated according to the criteria of Draize 10) ( Table 2) .
RESULTS AND DISCUSSION

Effects of EC and OD on Skin Permeation of FF from EVA Matrix Patches
In designing EVA matrix patches, it is essential to find an appropriate vehicle for effective penetration.
5) The in vitro skin permeability of FF across excised rat and human skin was investigated using EVA matrix patches containing l-menthol and NMP using a standard amount of FF per unit area. Figures 1 and 2 show data for rat and human skin permeation of FF from matrix patches. Skin permeation of FF from EVA matrix patches with EC decreased remarkably compared with that without EC in rats after 24 h. The thickness of the adhesive layer differed between patches with and with- out EC. EVA matrix patches were transparent and the solubility of FF was not greatly affected by the coexistence of EC, so that FF may exist in a dissolved state. This may also suggest that the greater the thickness of the patch, the slower the release of the drug, and as a result, a lower skin permeation rate is observed. Skin permeation of FF was remarkably enhanced by incorporation of OD instead of Ester Gum H in rats after 24 h. The higher the concentration of OD in the EVA matrix patch, the greater the skin permeation of FF. Increase was about 1.94-fold in rat and 6.33-fold in human skin after 24 h when the quantity of OD was raised from 0 to 1.0 mg per square centimeter. Increasing thermodynamic activity of the drug and changing the barrier property of the skin may enhance the permeation.
11) A plasticizer plays an important role in increasing the mobility of the drug in the matrix patch and improving the tacky property of the matrix patch.
12) Therefore, OD presumably acts a plasticizer, imparting flexibility and improving fluidity.
One approach to improving the skin permeability of drugs is using penetration enhancers. 13, 14) Effects of mixed solvents such as IPM/NMP 15, 16) and l-menthol/ethanol 17) have already been reported. EVA matrix patches contain l-menthol and NMP as enhancers, and skin permeation increases with increase in the l-menthol and NMP contents.
5) It seems that skin permeation of FF increased indirectly by the addition of OD owing to increase of thermodynamic activity of l-menthol as an enhancer.
Comparison of Skin Permeation of FF in Rats and Human Skin Effects on skin permeation of FF for all EVA matrix patches were similar in both rat and human skin, but the degree of rat skin permeation was 1000 times greater than with human skin after 24 h. Permeation appeared to begin immediately, without any lag time, presumably because of the leaching activity of l-menthol and NMP in the matrix patches. Many studies have indicated mouse, rat or guinea pig skin to be more permeable than human skin.
18-21)
Evaluation of Skin Irritation with EVA Matrix Patches
The results of the primary skin irritation study are shown in Tables 3-6 . With all EVA matrix patches, formation of very slight to well-defined erythema and very slight edema was observed in rabbits. The average scores for erythema and eschar formation and edema of without EC, OD-0, OD-0.5 and OD-1 were 2.00, 1.67, 1.67 and 1.83 after 24 h of matrix patch application, lesions then gradually disappearing. Based on the results, the primary irritation indices without EC, OD-0, OD-0.5 and OD-1 were 1.46, 1.13, 1.29 and 1.38, mildly but significantly different from the control value of 0.21 for the adhesive plaster group. In the guinea pig case, the primary irritation indices were 1.83, 1.17, 1.42 and 1.42, respectively, and there was no difference from the 1.50 of the control. In rats, the primary irritation indices were 1.00, 0.50, 0.50 and 0.63, respectively, and there was again no difference from the 0.50 of controls. In the miniature swine case, no skin irritation was observed. Thus, slight irritation was observed in rabbits, but no significant irritation was seen in guinea pigs, rats and miniature swine in comparison with the control, adhesive plaster groups.
Skin irritation increased slightly without addition of EC as the vehicle with incorporation of OD instead of ester gum H. Skin irritation with drugs and skin permeation enhancers is a common problem in transdermal delivery. [22] [23] [24] [25] Moreover, adhesive plasters with low tensile stress and removal force and short stress relaxation time have lowest levels of skin irritation.
26)
Comparison of Skin Irritation in Different Species
Skin irritation with EVA matrix patches was observed to be in the order of rabbits, guinea pigs, rats and miniature swine. Miniature swine skin resembles that of humans in anatomical and histochemical features, 27) and the size, orientation, and distribution of vessels 28) and has been reported to be somewhat less sensitive than human skin, in contrast to the rat and guinea pig cases. 29) Cosmetics and raw material skin sensitivity decrease in the following order: rabbit, guinea pig, rat, man and miniature swine. 29) An obvious difference was observed for skin irritation with EVA matrix patches.
Conclusions The combination of EC as a vehicle and OD as a plasticizer proved to be useful for enhancing skin permeation without increasing irritancy of EVA matrix patches containing FF. Clearly, skin permeation and irritation differ with the species of animal, but this is in degree rather than kind. It was concluded from our study that inclusion of EC and OD is feasible for improving EVA matrix patches for FF transdermal delivery. 
